Introduction {#S0001}
============

Ovarian cancer is the most common malignant tumor in gynecological tumors. In 2018, there were 295,414 new cases and 184,779 deaths worldwide.[@CIT0001] There were 22,240 new cases and 14,070 deaths in the United States; more than 95% of ovarian cancer patients died at the age of over 45 years old.[@CIT0002]

There were 52,100 new cases and 22,500 deaths in China in 2015.[@CIT0003] Surgical treatment combined with platinum chemotherapy is the preferred treatment, but about 80% of patients with ovarian cancer will have recurrence and metastasis after standard treatment.[@CIT0004] There was a lack of evidence-based medical guideline for drug selection for patients who failed after second-line chemotherapy. Apatinib is a small molecule vascular endothelial growth receptor inhibitor. It inhibits angiogenesis and exerts an anti-tumor effect mainly by highly selectively inhibiting the activity of vascular endothelial growth factor receptor 2 (VEGFR-2) tyrosine kinase and blocking the signal transduction pathway of vascular endothelial growth factor (VEGF) binding to its receptor. Apatinib is currently mainly used to treat gastric cancer and liver cancer.[@CIT0005]--[@CIT0007] Antiangiogenic therapy has been shown to be an attractive therapeutic strategy for ovarian cancer; bevacizumab and Pazopanib statistically significantly improved PFS.[@CIT0008],[@CIT0009]

Our team reviewed medical records of patients with advanced ovarian cancer who received apatinib after second-line treatment. According to this retrospective study, we compared the efficacy of apatinib monotherapy and apatinib combined with chemotherapy in the treatment of advanced ovarian cancer for the first time, and reported apatinib-related side effects.

Materials And Methods {#S0002}
=====================

General Data Collection {#S0002-S2001}
-----------------------

All ovarian cancer patients who received apatinib after second-line chemotherapy in Jinling Hospital and Nanjing Drum Tower Hospital of Nanjing University between April 2016 and Oct 2018 were considered for inclusion in this retrospective study. We reviewed the database and medical records to extract clinicopathologic data including age, Eastern Cooperative Oncology Group performance status (ECOG), histologic type, prior therapy, symptoms, laboratory results, image reports, etc. We excluded patients whose apatinib treatment period was too short (less than 3 months of apatinib) or patients without follow-up.

This study was approved by the Ethics Committee of Jinling Hospital and Nanjing Drum Tower Hospital of Nanjing University. Owing to the retrospective study design and analysis of clinical data, informed consent was formally waived by the Ethics Committee of Jinling Hospital and Nanjing Drum Tower Hospital of Nanjing University. All patient information is ensured to be confidential. All the procedures in this study are in accordance with the Helsinki Declaration.

Efficacy Assessment And Adverse Event Assessment {#S0002-S2002}
------------------------------------------------

CT imaging was used to evaluate tumor assessments by oncologists and imaging specialists. According to RECIST 1.1, the efficacy was divided into complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD). The overall response rate (RR) was calculated by CR+PR and the disease control rate (DCR) was calculated by CR+PR+SD. Adverse events were evaluated based on the National Cancer Institute Common Toxicity Criteria (NCI-CTC) version 4.0.

The overall survival (OS) was defined as the duration between the date of treatment initiation to the date of death or last follow-up, with patients alive at last follow-up censored on that date. We defined progression-free survival (PFS) from the date of the first recurrence to the date of second recurrence or death, with patients censored on the date of the last follow-up, if the patients were without recurrence on that date. Survival data were calculated by the Kaplan--Meier method.

Statistical Methods {#S0002-S2003}
-------------------

All statistical data were analyzed by SPSS 20.0 professional statistical software; all the count data were expressed as a percentage (%), and the survival curve was drawn by Kaplan--Meier method for prognosis follow-up.

Results {#S0003}
=======

General Data And Treatment {#S0003-S2001}
--------------------------

Thirty patients were treated with apatinib ([Figure 1](#F0001){ref-type="fig"}). One patient had a survival of fewer than 3 months, and 4 refused to take apatinib for its toxicity. Three patients had no follow-up. A total of 22 patients were analyzed. The median age of these patients was 55.6 years (35--79 years) ([Table 1](#T0001){ref-type="table"}). The ECOG was 1--3.Table 1Patient Demographics And Disease CharacteristicsVariableNo. Of Cases (%)Age, years Median55.6 Range35--79PS ECOG 01 (4.5%) 116 (72.7%) 24 (18.2%) 31 (4.5%)Histologic type Serous carcinoma14 (63.6%) Endometrioid carcinoma2 (9.1%) Clear cell carcinoma4 (18.2%) Not available2 (9.1%)Lines of prior anticancer therapy 1--36 (27.3%) \>316 (72.7%)Prior therapy Chemotherapy and surgery19 (86.4%) Surgery, radiotherapy and chemotherapy3 (13.6%)[^1] Figure 1Trial profile.

Of 22 patients, 13 patients received apatinib combined with chemotherapy and 9 patients received apatinib monotherapy. Apatinib mesylate (Jiangsu Hengrui Pharmaceutical Co., Ltd.) was orally administered 500 mg/day as initial dose. When there was an adverse reaction of grade 3 or above, the dose of apatinib is reduced until the disease progresses or an intolerable adverse reaction occurs.

All of 22 patients received apatinib after second-line chemotherapy. Most of the patients received more than three lines chemotherapy. All of these patients progress to stage IV when they received apatinb treatment.

In this study, all of 22 patients received platinum-containing chemotherapy as the first-line treatment. After first-line treatment, the choices of second-line and chemotherapy were different, including taxol, paclitaxel, topotecan, gemcitabine, 5-fluorouracil, oxaliplatin, etc. So the combination chemotherapy drug was based on the patient's previous chemotherapy.

Clinical Efficacy {#S0003-S2002}
-----------------

Complete imaging data of 20 patients were obtained. Patients were evaluated by spiral CT every 6 weeks. Four cases for PR (4 cases in combined group, 0 in monotherapy group), 13 cases for SD (8 cases in combined group, 5 cases in monotherapy group), 3 cases for PD (0 cases in combined group, 3 patients in the monotherapy group), 4 patients were intolerant. RR 20%, DCR 85% (combined group: RR 33.3%, DCR 100%, monotherapy group: RR 0%, DCR 62.5%) ([Table 2](#T0002){ref-type="table"}). Tumor shrinkage was noted in 8 (8/20) patients ([Figure 2](#F0002){ref-type="fig"}).Table 2Summary Of Tumor ResponseMonotherapy, n (%)Combined Treatment, n (%)Total (%)Complete response000Partial response04 (33.3%)4 (20%; 8--39.2)Stable disease5 (62.5%)8 (66.7%)13 (60%; 36.5--83.5)Progressive disease3 (37.5%)03 (15%; --2.1--32.1)Response rate (CR+PR+SD)5 (62.5%)12 (100%)17 (85%; 67.9--100)[^2] Figure 2Waterfall plot for the best percentage change in target lesion size.

The patient's overall mPFS was 8.2 months (95% CI: 4.93--11.42) ([Figure 3A](#F0003){ref-type="fig"}); mOS was 13.1 months (95% CI: 10.1--16.0) ([Figure 3B](#F0003){ref-type="fig"}). The mPFS of combined group was 9.7 months (95% CI: 5.42--14.06) and the mPFS of monotherapy group was 4.4 months (95% CI: 2.48--6.38) with a P value of 0.21 ([Figure 4A](#F0004){ref-type="fig"}). The mOS of the combined group was 13.6 months (95% CI: 10.52--16.71), and the mOS of monotherapy group was 11.6 months (95% CI: 6.66--16.49) with a P value of 0.45 ([Figure 4B](#F0004){ref-type="fig"}).Figure 3Progression-free survival (**A**) and overall survival (**B**) of patients with treated by apatinib.Figure 4Progression-free survival (**A**) and overall survival (**B**) of patients received apatinib or apatinib combined with chemotherapy.

Adverse Reactions {#S0003-S2003}
-----------------

Safety analysis was performed on 22 patients. The main adverse reactions included 9 cases of hypertension (4 cases in the monotherapy group, 5 cases in the combined group), 1 case of heart failure (monotherapy group), 7 cases of proteinuria (1 case in the monotherapy group, 6 cases in the combined group), 5 cases of oral mucositis (2 cases in the monotherapy group, 3 cases in the combined group), 6 cases of skin reactions in the hands and feet (1 case in the monotherapy group, 5 cases in the combined group), 3 cases of bleeding (1 case in the monotherapy group, 2 cases in the combined group), 6 cases of fatigue (3 cases in the monotherapy group, 3 cases in the combined group), 5 cases of appetite loss (4 cases in the monotherapy group, 1 case in the combined group), 3 cases of edema (1 case in the monotherapy group, 2 cases in the combined group).

There were 5 cases of leukopenia (2 cases in the monotherapy group, 3 cases in the combined group), 2 cases of thrombocytopenia (1 case in the monotherapy group, 1 case in the combined group), 2 cases of anemia (1 case in the monotherapy group, 1 case in the combined group) ([Table 3](#T0003){ref-type="table"}).Table 3Common Adverse Events And Clinical Laboratory AbnormalitiesAdverse EventGrade 1/2, n (%)Grade 3/4, n (%)Total, n (%)MonotherapyCombined TreatmentMonotherapyCombined TreatmentNon-hematologic Hypertension2 (9.1%)3 (13.6%)2 (9.1%)2 (9.1%)9 (40.5%) Mucositis2 (9.1%)2 (9.1%)01 (4.5%)5 (22.7%) Fatigue3 (13.6%)3 (13.6%)006 (27.2%) Anorexia3 (13.6%)1 (4.5%)1 (4.5%)05 (22.7%) Albuminuria1 (4.5%)5 (22.7%)01 (4.5%)7 (31.8%) Hand foot syndrome1 (4.5%)2 (9.1%)03 (13.6%)6 (27.2%) Hemorrhage1 (4.5%)2 (9.1%)003 (13.6%) Edema1 (4.5%)2 (9.1%)003 (13.6%) Cardiac failure001 (4.5%)01 (4.5%)Hematologic Hemoglobin2 (9.1%)0002 (9.1%) Leukocyte1 (4.5%)3 (13.6%)01 (4.5%)5 (22.7%) Platelets001 (4.5%)1 (4.5%)2 (9.1%)

Discussion {#S0004}
==========

First-line therapy of advanced ovarian cancer involves primary cytoreductive surgery and adjuvant systemic chemotherapy (including platinum drugs). Progression of incompletely resected disease or recurrence after cytoreduction is inevitable. The approach to second-line or following treatment is ill-defined. The ovarian cancer resistance to chemotherapy may be due to reduced immunosurveillance and drug-resistant cells.[@CIT0010],[@CIT0011]

There are more and more applications for targeted therapy for ovarian cancer, including PARP inhibitors, PI3K/AKT/mTOR signaling pathway inhibitors and angiogenesis inhibitors. Tumors require more nutrients and oxygen in the process of abnormal proliferation, which requires transporting them from the host to the tumor tissue through the neovascularization, so angiogenesis inhibitors have become one of the critical research subjects. Since the VEGF/VEGFR-2 signaling pathway is an essential target for tumor anti-angiogenesis therapy, inhibition of tumor angiogenesis has become the focus of tumor-targeted treatment.[@CIT0012] Comparison of bevacizumab-combined chemotherapy (carboplatin + paclitaxel) with chemotherapy showed a significant increase in median PFS after maintenance therapy of bevacizumab (14.1 vs 10.3 months, P \<0.001); there was no improvement in PFS in patients without bevacizumab maintenance therapy.[@CIT0013],[@CIT0014] OS in the bevacizumab-treated group was significantly improved (42.2 vs 37.3 months P=0.056), and the incidence of adverse reactions in the combined group and chemotherapy group was 96% (317/325) and 86% (282/332), respectively.[@CIT0015]

The SOLO2/ENGOTOv2 study showed that the PFS of the patients with advanced ovarian disease with BRCA1 mutation in the olaparib group and the placebo group after treatment were 19.1 months and 5.5 months, respectively (P \<0.0001).[@CIT0016] Rucaparib is another potent oral small molecule PARP inhibitor that is also most effective in patients with BRCA mutations. A total of 564 patients were enrolled in the ARIEL3 trial. PFS in patients with BRCA mutations in the rucaparib group was significantly longer than in the placebo group (16.6 months vs 5.4 months, P \<0.0001).[@CIT0017] Niraparib is the third PARP inhibitor approved by the FDA following olaparib and rucaparib. The NOVA trial showed that niraparib was used as maintenance therapy for 553 patients with platinum-sensitive advanced ovarian cancer. The results showed that the PFS of the niraparib group in the germline BRCA (gBRCA) mutation cohort was significantly longer than that in the placebo group (21.0 months vs 5.5 months, P \< 0.001), and the PFS in the non-gBRCA cohort were 9.3 months and 3.9 months in both groups, respectively (P \<0.001).[@CIT0017]

Mirvetuximab Soravtansine (IMGN853) is a folate receptor alpha (FRα)-targeting antibody--drug conjugate (ADC). The efficacy and safety of platinum-resistant ovarian cancer have also been confirmed by clinical trials.[@CIT0018]--[@CIT0020]

Apatinib is an oral tyrosine kinase inhibitor of small molecule vascular endothelial growth factor receptor-2 (VEGFR-2) that competitively binds to the receptor's intracellular tyrosine ATP binding site, highly selectively inhibits VEGFR-2 tyrosine kinase activity, blocks downstream signal transduction and inhibits tumor angiogenesis, so as to treat tumors.[@CIT0005],[@CIT0021] In October 2014, it was approved by the China Food and Drug Administration (CFDA) for the third-line or above treatment of advanced gastric adenocarcinoma and gastric-esophageal junction adenocarcinoma.[@CIT0022] The 2015 NCCN Clinical Practice Guide uses it as a second-line treatment for advanced gastric cancer.[@CIT0023] The clinical trials of apatinib for the treatment of various solid tumors such as breast cancer, lung cancer, advanced liver cancer and soft tissue sarcoma are underway at the same time. The comparative report of apatinib and apatinib combined with chemotherapy in the treatment of advanced ovarian cancer is rare.

In a one-arm study conducted by Lan CY et al in 2018,[@CIT0024] apatinib combined with etoposide was used to treat platinum-resistant ovarian cancer patients, and the tumors in 29 out of 31 patients (94%) decreased, 19 patients achieved PR (61%), DCR was 97%.

This study eventually included 22 patients with advanced ovarian cancer with an overall RR of 20% and a DCR of 85%. A total of 6 patients (50%) in the combined group had a reduction in tumors, and a total of 3 patients (35%) in the monotherapy group had a decrease in tumors. The effectiveness of the Lan CY study was more significant than this study.[@CIT0024] The reason was considered that the sample size of the study was small, as well as to be related to the retrospective study and the inconsistency of the combination of chemotherapy drugs.

The study also showed that RR and DCR were significantly higher in the combined group than the monotherapy group, PFS and OS were higher than the monotherapy group, but the P value was greater than 0.05. Considering that the overall sample size is small, and this study is a retrospective study, more cases are needed for prospective studies. Only one patient in this study had previously received bevacizumab for economic reasons, apatinib combined with topotecan was applied after the disease progression, followed by PR again. This suggests that apatinib treatment may still be considered when there is a disease progression following anti-angiogenic therapy with bevacizumab.

The currently marketed PARP inhibitors include olaparib, rucaparib and niraparib, which are mainly used for platinum-sensitive ovarian cancer patients and are expensive. The patients in this study were all platinum-resistant patients with advanced ovarian cancer, while apatinib was cheaper and had a better pharmacoeconomic effect.

Some evidence suggests that the management of ovarian cancer should be personalized taking into account the performance status of the patient, in particular in case of elderly women.[@CIT0025]--[@CIT0027] In this study, the average age of the patients was 55.6 years, and the maximum age was 79 years. The majority of patients showed good tolerance to apatinib. The incidence of proteinuria and hand and foot skin reactions in the combined group was significantly higher than in the apatinib monotherapy group. We need to pay close attention to the adverse reactions of apatinib. A meta-analysis showed that the incidence of adverse reactions to apatinib was 84% in cancer treatment[@CIT0028] and 100% in ovarian cancer treatment,[@CIT0024] but most of them were 1--2 grades of toxicity. The incidence of adverse reactions in this study was 100%, most of them were 1--2 grade adverse reactions, and fewer 3--4 grades adverse reactions, mainly hypertension and hand and foot skin reactions, which was consistent with previous studies. Hypertensive patients can be administered with ACEI or ARB drugs to lower blood pressure.[@CIT0022] Topical hydrocortisone ointment or urea ointment can be used for the treatment of hand and foot skin reactions, the combination of oral vitamin B treatment is more effective. Therefore, the adverse reactions should be strictly observed in the course of treatment, and symptomatic treatment should be applied and preventive measures should be strengthened. In general, there were many adverse reactions of apatinib, but most of these adverse reactions are reversible and controllable.

Apatinib is a new option after failure of multi-line treatment for ovarian cancer, but it is still in the exploratory stage, and currently apatinib is only used to treat Asian population with ovarian cancer, and its efficacy in other communities has not yet been defined. Therefore, further research is needed to provide more data and ultimately apply it to clinical practice.
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[^1]: **Note:** All patients enrolled (n=22).

[^2]: **Notes:** Data are n (%) and n (%; 95% CI). Two patients without post or baseline efficacy assessments were excluded.
